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There is a growing interest worldwide in utilising water more efficiently.  One means to achieve this is to specify in-building recycling of grey water.  It has been clearly demonstrated that it is technically feasible to recycle grey water (e.g. Surendran, S. & Wheatley, A., 1999).  However, the level of service provided by such technology (in terms of the quantity and quality of the recycled water) is tightly linked to the cost-effectiveness of its provision









In order to assess the detailed interactions between individuals, water using appliances and water reuse technology, it is necessary to look at a sub-daily time interval. Presently, the input model works at a time interval of one hour. The model can simulate appliance usage events at a single family home and a multi-occupancy residence. 







































Fig. 3  Generic reuse system with
single storage tank





	Pump cut off switches,
	Warning lights.





Each treatment component has its primary function and the degree to which (or how well) it carries out this function. For example, the primary function of a filter unit is to remove a fraction of the suspended solids from the flow stream. The primary functions of different treatment options are considered in the next section. Reliability and maintenance of treatment components are considered in the same way as other system components. The following section provides more detail of the simulated treatment component.

2.3 Water quality sub-module















Chemical disinfection (chlorination or bromination) has been chosen as the primary means of disinfection in the model because of its application in commercial water reuse systems. The benefits of chlorination (or bromination) are its proven ability to disinfect varying qualities of water, and that it has residual disinfective properties that can act to prevent regrowth of undesirable micro-organisms. The effect of chlorine on the microbial population is described in the model by equation (1):

Nt/No = (1+ 0.23Ct  t)3				[1]

Nt  = Number of bacteria at time t after dosing 
No  = Initial number of bacteria 
Ct  = Concentration of total available chlorine 
t    = time

Filtration of suspended solids











Each of these financial concerns is determined by it’s own array of factors. This project has investigated running and maintenance costs and water saving benefits. Capital costs are an estimate based upon current prices for water reuse technology and are subject to variation according to technical specification, market share, manufacturing costs and other factors.

The simulation model previously described permits the user to assess the relationship between technical specification, maintenance requirements and water saving benefits. The following section describes a simple model relating water saving efficiency to costs and the financial viability of a water reuse application. The concept of net present value (NPV) has been used. NPV is a means of determining the financial viability of a project/system over a given term at a given discount rate (see equation (2)). 

NPV = -C + ((b-c)/(1+r)m))     for m = 1 to n	[2]

C = capital costs
c = annual costs (maintenance and running)
b = annual benefits (water saving)
r = discount rate






3.1 Financial model 






















Each time a system requires maintenance, a charge of £15/hour is levied. It is assumed that any maintenance job will take at least one hour and is carried out by a maintenance engineer. In reality maintenance may be carried out by the owner/user of the system – the £15 charge is representative of the time that they invest in the job. The charge is increased according to the number of hours the task takes at a rate of £15/hour. 









Capital costs are difficult to define, in that there are only a few reuse systems on the market (in the UK). Of the simple domestic systems, a cost in the region of £1000 (excluding installation costs) is reasonable. Thus the upper limit of capital costs chosen in this work was defined by what was possible to recover in a payback term of 5 years. Capital costs greater than £2000 would require a longer payback time or an increase in the water conservation savings beyond what is predicted by the systems model. 

Recovery of capital costs over a 5-year term was thought to be reasonable for most applications. An extension of this term would increase the financial viability of certain systems, yet a longer term may be less attractive to the purchaser. A discount rate of 6% was chosen, based on earlier work on the financial viability of water demand management measures (NRA, 1995).





The model allows the user to enter values for all the variables in the NPV equation and to map the viability space (i.e. the set of conditions that is required for the reuse system to be financially viable). In practice, the main variable was the annual maintenance cost. The NPV was calculated for each maintenance cost value in the range specified in Table 1. If the NPV was positive (indicating that capital recovery would be possible within the given term), then the index was scored ‘1’ point. If it was negative, no points were scored. In order to map the whole ‘space’ the NPV ‘scores’ were summed for each of the values in the maintenance cost range (Table 6). Thus, a score of zero indicates that a system is not financially viable within the given term and discount rate. A score of 1 to 9 (Table 5) indicates viability for the corresponding values of capital, maintenance and water saving values (Figure 6, Tables 2, 3 and 4). For example, a score of 7 means that the system is viable at maintenance costs of up to £500, which can be made up of 6 annual maintenance events. This is best explained with the aid three scenarios.

Table 1	Summary of ranges used in
financial model
Item	Value/Range
Number of maintenance jobs per year	1-12
Number of hours spent at each maintenance job	1-12
Annual maintenance costs (£)	25 – 932
Capital costs (£)	0-2000 
Term of recovery of costs (years)	5
Discount rate (%)	6
Range of water saving eff’y (%)	0-100
Water/wastewater charge rate (£)	1.50 - 3.00
Occupancy levels	4, 27, 51, 92






Three scenarios are explored, using the example of a building operator who wishes to install a grey water reuse system in a block of flats with 27 occupants and budget of just £1500. The model can be used to indicate the maintenance requirement and water saving efficiency necessary to give a 5-year payback at a discount rate of 6%.  

Table 3	Volumetric savings made through 
water reuse























Scenario I - a system with a high probability of failure (average of 36 failures in 3 years) and a three monthly inspection (and maintenance) frequency






Fig. 6 Relationship between maintenance events and efficiency for a reuse application at a 27-occupant residence (simulation model results)

Scenario II - a system with a high probability of failure (average of 36 failures in 3 years) and a monthly inspection (and maintenance) frequency 

Scenario II is similar to scenario I, except for a more frequent inspection/maintenance programme. Increased maintenance frequency leads to improved water saving efficiency, in the region of 50% (* and solid line in Figure 6) equating to an estimated 143 m3/year water saving (Table 2). At the highest water rates this volume would result in a financial saving of up to £400 (Table 3). Reference to the NPV table indicates that a maintenance score in the range 1 to 4 is possible - a maximum of £150/year maintenance spending (Tables 4 and 5). The stipulated maintenance frequency was once per month (12 times a year), which is a minimum cost of £180 if each inspection/event took one hour to carry out (Table 6). Thus, once again, the system is not financially viable. If the system were slightly cheaper, the term of payment extended, the system made more reliable, or the water price increased then viability may be possible. 

Scenario III - a reliable system (average 1 failure in 3 years) with a three-month inspection frequency.

This more reliable system leads to a greatly improved water saving efficiency of approximately 90% of the WC demand (Figure 6), or up to £750/year at the highest water rate (Tables 2 and 3). This gives greater flexibility in the cost allowance for maintaining the system.  The NPV table (Table 4) indicates that a maintenance score of up to 7 is permissible – equivalent to an allowance of up to £500/year (Table 5). This maintenance allowance easily covers 3 monthly maintenance events (4 per year) even if each event takes 8 hours or a working day to complete (Table 6). Thus this scenario is viable.




















































Table 5 Key for maintenance costs and financial viability (positive NPV)













Presently, the data used in the model are estimates derived from the best available information on system costs and maintenance requirements, both of which are subjects of current discussion and research. More detailed data would lead to more accurate results. Such data could simply be incorporated in the model.  
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G  = Appliance grey water inflows
R  = Rainwater inflows
W = Waste overflow
S   = Volume of water in store
O  = Outflow form store
M = Mains supply make-up
D  = WC demand

Net present value based upon capital costs, maintenance costs and annual savings

Water saving efficiency
(link to systems model)

Annual costs associated with maintenance frequency and intensity
(link to systems model)

Financial savings based upon charges for water/ wastewater
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